This presentation reports recent results from the hadronic final state in DIS at HERA. Forward jet and π 0 production have been measured by the H1 experiment. The forward jet production cross section shows significant deviation from the predictions based on DGLAP evolution. The forward π 0 data discriminate between different QCD models and are best described by models which take into account the partonic substructure of virtual photons. Inclusive K 1 Forward Jet and π 0 Production at HERA The HERA collider has extended the available kinematic range for Deep-Inelastic Scattering (DIS) to regions of large values of the four momentum trasfer Q 2 (≤ 10 5 GeV 2 ) and small Bjorken-x Bj (x Bj ≃ 10 −5 ). Studies at low x Bj could reveal novel features of parton dynamics. At small x Bj it is very probable that the quark struck by the virtual photon originates from a QCD cascade initiated by a parton in the proton. In different regions of Q 2 and x Bj different approximations to QCD are expected to describe the parton evolution: the most discussed being DGLAP 1 , BFKL 2 and CCFM 3 . At high Q 2 and high x Bj the initial state radiation is described by the DGLAP evolution equations which resum the leading α s ln(Q 2 /Q 2 0 ) terms. In this scheme a space-like chain of subsequent gluon emissions is characterized by a strong ordering of transverse momenta k T . However at small x Bj the contribution of large ln(1/x) terms may become important. Resummation of these terms leads to the BFKL evolution equation. No ordering on transverse momenta k T of emitted gluons is imposed here. The CCFM evolution equation based on angular ordering and colour coherence interpolates between the BFKL and DGLAP approaches. Differences between the different dynamical approaches to the parton cascade are expected to be most prominent in the "forward" phase-space region towards the proton remnant direction, i.e. away from the scattered quark. In this talk studies of the parton evolution at small x Bj using jet and π 0 production in the forward angular region in the laboratory frame, are presented. The study of DIS events with a single forward particle is complementary to forward jet production: a forward parton is tagged by a single energetic fragmentation product.
In figures 1 and 2 the cross section for forward jet and π 0 production as a function of x Bj is shown. The data are compared to MC model predictions. RAPGAP (RG) 4 uses LO matrix elements supplemented with initial and final state DGLAP parton showers (DIR-model) and resolved virtual photon processes (RES-model). DJANGO 5 is used together with the ColorDipole-Model as implemented in ARIADNE 6 for higher order QCD radiation, labeled as CDM. In ARIADNE the parton emissions perform a random walk in p T leading to a situation similar to the one expected in BFKL. CCFM evolution is implemented in the CASCADE Monte Carlo.
In summary, for the forward jet production case the data are up to a factor of two larger than the predicted cross section based on O(α s ) matrix elements and parton showers in the collinear factorization ansatz (DGLAP). Using a MC model incorporating resolved virtual photon processes in addition to the usual direct photon processes, the data are reasonably well described. Also the Color Dipole Model, which simulates higher order QCD radiation without strong ordering in the p T of the emitted partons, describes the measurements well. The CCFM approach, which is based on angular ordering coming from color coherence, predicts too high a rate of forward jet events.
Measurements of the forward π 0 cross-sections can discriminate between different QCD models and are best described by an approach in which the partonic substructure of virtual photons is taken into account, though with a scale of Q 2 + 4p 2 T which is unusually large.
2 Observation of K 0 s K 0 s resonances in deep inelastic scattering at HERA The K 0 s K 0 s system is expected to couple to the scalar (J P C = 0 ++ ) and tensor (J P C = 2 ++ ) glueballs. This has motivated intense experimental and theoretical study during the past few years 7 . Lattice QCD calculations 8 predict the existence of a scalar glueball with a mass of 1730 ± 100 MeV and a tensor glueball at 2400 ± 120 MeV. The scalar glueball can mix withstates with I = 0 from the scalar meson nonet, leading to three J P C = 0 ++ states whereas only two fit in the nonet. Experimentally four states with I = 0 and J P C = 0 ++ have been established: f 0 (980), f 0 (1370), f 0 (1500) and f 0 (1710) 9 .
The state most frequently considered to be a glueball candidate is f 0 (1710) 9 , but its gluon content has not yet been established. This state was first observed in radiative J/ψ decays 10 and its J = 0 angular momentum was established by the WA102 experiment using a partial-wave analysis in the K + K − and K 0 s K 0 s final states 11 . Observation of f 0 (1710) in γγ collisions may indicate a large quark content. A recent publication from L3 12 reports the observation of two states above 1500 MeV in γγ → K 0 s K 0 s , the well established f ′ 2 (1525) and a broad resonance at 1760 MeV. It is not clear if this state is the f 0 (1710).
The ep collisions at HERA provide an opportunity to study resonance production in a new environment. In this talk, the first observation of resonances in the K 0 s K 0 s final state in inclusive ep DIS is reported.
Oppositely charged track pairs reconstructed by the ZEUS central tracker (CTD) and assigned to a secondary vertex were selected and combined to form K 0 s candidates. Both tracks were assigned the mass of a charged pion and the invariant-mass M (π + π − ) was calculated. Events with at least two K 0 s candidates were selected and the K 0 s K 0 s invariant-mass was calculated. Figure 3 shows the K 0 s K 0 s invariant-mass spectrum in the range 0.995 There is also an enhancement near 1300 MeV which may arise from the production of f 2 (1270)/a 0 2 (1320).
